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LIDGERWOOD M’F’G CO., 


Boston. 96 Liberty Street, Chicago. 

Philadelphia. New York. Portland, Ore. 
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For Canal and Trench Excavating, Dam Construction, Wall and Pier Building, Mining, 
Quarrying, Logging, and General Contract Work. 
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Fiske Brothers Refining Go. 
NON-CARBONIZING OIL 


FOR USE IN AIR CYLINDERS OF 


AIR COMPRESSORS 


Also All Grades of Lubricants for Use on Machinery 








Propelled by Compressed Air 


OFFICE AND SALESROOM, 59 WATER STREET, 
“*LUBROLEINE.”” NEW YORK, U. S. A. 
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McNAB & HARLIN M’F’G CO.,, 


MANUFACTURERS OF 


BRASS COCKS, 


PLUMBERS’ BRASS WORK, 


Globe Valves, Gauge Cocks, Steam Whistles and Water Gauges, 
WROUGHT IRON PIPE AND FITTINGS, 


Plumbers’ and Gas Fitters’ Tools, 
No. 56 JOHN STREET, - - NEw YORK. 


Factory, Paterson, N. J. 


Wheeler Condenser & Engineering Co. 


120 & 122 LIBERTY STREET NEW YORK. 





fe) SURFACE 
oor Pa} CONDENSERS 
MARINE Mounted on 
and Combined Air 
STATIONARY ane 
Circulating 
SERVICE. Pumps. 


PROPRIETORS AND MANUFACTURERS OF 
WHEELER STANDARD SURFACE CONDENSER; WHEELER ADMIRALTY 
SURFACE CONDENSER; WHEELER LIGHTHALL SURFACE CONDENSER; 
VOLZ PATENT SURFACE CONDENSER AND FEED WATER HEATER; 
EDMISTON PATENT FEED WATER FILTER. 


WHEELER’S PATENT FEED WATER HEATER 
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Established 
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"The 


i mt 45. COOPER CO. 


MT. VERNON, OHIO. 


CORLISS ENGINES. 


CoMPOUND. 





TRIPLE ExpANnsIOoN, 
SINGLE CYLINDER. 


Of all sizes up to 3,000 
Horse-power. 





— FOR — 
FACTORIES, RAILWAYS, ELECTRIC LIGHTING, 
ROLLING MILLS, AND ALL KINDS 
OF MANUFACTURING. 





CORRESPONDENCE SOLICITED. 
HOME OFFICE: MT. VERNON, OHIO. 
1WEW YORK: Room 1022 Havemeyer Building, F. W. IREDELL, Mgr. 
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by. Officers of all Railroads 
a —" a te POCKET LIST or 


1 Subscription Price, 
Electrical, Steam and $1.00 Meet, Cee 
e THE OFFI A erlisib ; ale en 
Compressed Air RAILWAY EQUIPMENT besceinive tre sod pus 
Apparatus, REGISTER itnited States, Canada and Mexico. ag 7 
Sa on Price, $5.00 per annum. Single copies, 81.00, 
ST. PAUL BUILDING, NEW YORK. THE HAILWAY EQUIPMENT & PUBLICATION 00, 


243 Park Place, New York. 





APRARA 


Trim Giant Pipe Wrench 


The strongest, safest and most 








durable Pipe Wrench in the 


(Sa eee world. Made and adapted for 
. Y ra ‘ all kinds of work as well as 
52525 35 hard or rough usage. Send for 


catalogue of Trimo tools. 








TRIMONT MANUF’G CO, Roxbury, Mass. 
FOR SALE BY ALL JOBBERS. 












No. O. 
PNEUMATIC 


BREAST DRILL. 


Weight, 10, Lbs. Capacity to } In. 
Simple, Durable, Efficient. 


Empire Engine & Motor Co., 
ORANGEBURG, N. Y. 


MACHINES SENT ON TEN DAYS TRIAL. ¢ 











COMPRESSED AIR. 


United States Metallic Packing Co., 


PHILADELPHIA, PA. 





Manufacturers of the most economical Air Tools in the market, such as 


PNEUMATIC HAMMERS, 
“i DRILLS, 
a TRACK SANDERS, 
” BELL RINCERS. 


METALLIC PACKINC FOR ALL KINDS OF SERVICE. 
CHICAGO OFFICE: OFFICE AND WORKS: 
1003 MARQUETTE BUILDINC. 427 NORTH i3th STREET 





-MANNESMANN TUBE WORKS, | 





MANUFACTURERS OF 


Seamless Rolled Tubes for Gases, Compressed Air, Etc., 


UNDER HIGH PRESSURE. 





Tested and approved by the highest authorities and Governments of Europe and 


America. 
Each Tube is carefully tested, and a Government Test Certificate is furnished with 


each Tube. Representatives :— 


CHAS. G. ECKSTEIN & CO. 
249 CENTRE STREET, -_~ - NEW YORK. 
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J. 1D. AABLILIEIR 2 0), 


TAYLOR BUILDING 39 & 41 CORTLANDT ST., N. Y. 


DOMPLETE POWER PLANTS, 


FOR ALL PURPOSES 


ENGINES, BOILERS, MACHIRERY, 
MINING AND MILLING EQUIPMENTS. 








Send for Catalogues and Estimates on what you need. 





New “Class W”’ 
(Automatic) 


Pressure 
Regulator. 


The only Pressure Regulator satisfactorily 
controling High Initial Air Pressures. 











In sueceessful service on ALL the AIR- 
MOTORS yet tested. 


FOSTER ENGINEERING CO., 
NEWARK, N. J. 
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LL SS 
PNEUMATIC APPLIANCES. 


DRILLS, REAMERS, TAPPERS, 

RIVETERS, CAULKERS, CHIPPERS, 

HOISTS, MOTORS, COMPRESSORS, 
STAY BOLT CUTTERS, SAND SIFTERS, ETC. 











SEND FOR NEW CATALOGUE JUST ISSUED. 


C. H. HAESELER CO. 
1026-1030 HAMILTON STREET, - - PHILADELPHIA, PA. 














5 

















COMPRESSED AIR. 


mE PELTON WATER WHEEL 


Embracing in it variations of construction and application 


THE PELTON SYSTEM OF POWER. 


In simplicity of construction, absence of wearing parts, high efficiency and facility 
of adaptation to varying conditions of service, the PELTON meets more fully all require- 
ments than any other wheel on the market. Propositions given for the development of 
water powers based upon direct application, or Electric Transmission under any head 
and any requirement as to capacity. 


Compressed Air Transmission. 


No other wheel is so well adapted to this purpose. Where the head admits, it can 
be attached to compressor shaft direct, and serve for prime mover and fly wheel as well. 


Correspondence Invited. Catalogues Furnished upon Application. Address, 


PELTON WATER WHEEL CO., 


§2{-{23 MAIN STREET, SAN FRANCISCO, CAL. 
143 LIBERTY STREET, NEW YORK, 


BOSTON. NEW YORK. PITTSBURG. CHICAGO, ST. LOUIS. 


Wlational Tube Works Company, 


MANUFACTURERS OF 


Standard Steam, Gas and Water Pipe. 
Locomotive and Stationary Boiler Tubes. 
Special Flanged Pipe for Compressed Air. 
Pump Columns for Mines. 
Special Light Lap-Welded Pipe, fitted with the 
Converse Patent Lock Joint for Water and Gas 
Mains. 
Cylinders with Dished or Flat Heads for Carbonic 
Acid and other Gases. 


NEW YORK OFFICE: HAVEMEYER BUILDING. 
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Al Important Connecting Link in Gompressed Air Service, 
© Moran Flexible Joint 


For high pressure, indispensible. 





Tightness, safety, flexibility and durability 


assured. 


Parties making experiments with Compressed 
Air may have the use of the ‘‘Moran Joint,” 


free for a limited time. 





MORAN FLEXIBLE STEAM JOINT CO., 
LOUISVILLE, - - - - . KENTUCKY. 


ES:ABLISHED 1858. 


** Our Name and Brand a Guarantee of Quality.’’ 


High Grade Rubber Goods. 


CHANNELING SPRINGS, 





BELTING. SPRINGS. 
TUBING. MATS. 
VALVES. MATTINGS. 
HOSE GASKETS. 
TUBING. PLAY PIPES. 





LINEN AND COTTON HOSE. 


NEW JERSEY CAR SPRING & RUBBER COMPANY, 
MAIN OFFICE AND WORKS: 
Wayne and Brunswick Streets, Jersey City, N. J. 


BRANCH OFFiIce: 10 BARCLAy St., NEw YorRK. 
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Compressed Air. 


A MONTHLY PUBLICATION DEVOTED TO THE USEFUL 
APPLICATION OF COMPRESSED AIR. 


W. IL. SAUNDERS, - - Editor and Proprietor 
. E, KENNEY, - - Managing Editor 
J. E. QUINTERO, - - - - Treasurer 


> 


Subscription, including postage, United States, 
Canada and Mexico $1.00a year. All other coun- 
tries, $1.50a year. Single copies, 1o cents. 


Advertising rates furnished on application. 


We invite correspondence from engineers, 
contractors, inventors and others interested in 
compressed air. 


All communications should be addressed to 
COMPRESSED AIR, 26 Cortlandt St., New York. 
London Office, 92 & 93 Fleet Street. 


Those who fail to receive papers promptly will 
please notify us at once. 


Entered as Second-Class Matter at the New York, 
N. Y., Post Office. 


Vor. III. MAy-JuNE, 1898. No. 3-4. 

The installation of a large compressed 
air plant on West 23rd Street, New York, for 
the purpose of supplying power to street 
cars on the 28th and 29th Street lines, is 
an important event in compressed air his- 
tory. It is also a hopeful indication that 
pneumatic traction may become of useful 
commercial interest. 

Certain facts may be asserted with con- 
fidence. The American Air Power Com- 
pany has arranged with the Metropolitan 
Traction Company to install an air com- 
pressor of 1000 h. p. capacity for street 
car purposes. 
has 


The Air Power Company 
with certaiii well 
known manufacturers of machinery to 
build this plant. Looking into the details 
of the case we find that this installation 
is to be unlike any that has heretofore 
been brought to public notice in America. 


also contracted 


In the first place the business is in the 
hands of the Traction people, who have the 
experience and the money to develop this 
new system for street car propulsion. In 
the second place, this case appears to have 
been wisely considered by business men, 
and an order given for a plant of machin- 
ery which represents the best that modern 


mechanical science can devise. The 
makers are not restricted to anything on 
lines of economy or on the plea of tempo- 
rary use, but are asked to build the best 
machinery that can be devised for this 
purpose, and in a unit so large that it is 
reasonable to expect a condition of econ- 
omy in the production of compessed air 
which has not heretofore been reached. 

This appears, in a measure, to be a devel- 
opment of pneumatic traction experiments 
which have been carried on at infrequent 
intervals and in a rather erratic manner 
since 1879. Efforts twice made by the 
Hardie motor to find a place on the Ele- 
vated Railroad should not be belittled in 
the light of present knowledge, because, 
while ill-advised from a business stand- 
point, they were important mechanically 
in that it was demonstrated that a train 
of cars could be handled with reasonable 
economy by an air motor. 


Pneumatic experiments on the elevated 
road cannot be called mechanical failures; 
hence the results do not reflect discredit 
either upon compressed air or upon the 
engineers engaged in them Their chief 
weakness was in attempting to develop 
an important pneumatic application by be- 
ginning at the top. The Judson system 
which was installed at Washington, D.C., 
attracted attention to pneumatic traction, 
and suggested, perhaps, some of its possi- 
bilities. The experiments with the Me- 
karski system had a like influence, but 
this system did more than the otherin that 
it confirmed the confidence of engineers in 
the storage system for pneumatic traction. 
The work of Jarvis, Parke, Hoadley and 
Knight was in the nature of an advance, 
developing new ideas and profiting by 
earlier experiences of others. One of the 
difficulties against which pneumatic trac- 
tion has had to contend, is that there 
was too much speculation in it. Time and 
money were spent in selling rights, in de- 
veloping patents and in the organization of 
companies, which might have been spent 
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to better advantage in the equipment of a 
small street railroad. The common error 
has been made in supposing that com- 
pressed air was the coming power for street 
railroads, and that it would replace all 
others. Compressed air is only one among 
other useful means by which street cars 
may be driven. It has its place alongside 
of electricity, and perhaps closely asso- 
ciated with it, but it is not at all likely 
to drive electricity out of the field. 

The American Air Power Company is. a 
consolidation of all American pneumatic 
traction interests. This company controls 
most of the patents on this subject. On its 
staff are the engineers who have had the 
experience, and on its Board of Directors 
are men who know the street car business. 
Mr. H. H. Vreeland, President of the Me- 
tropolitan Traction Company, has a hand 
in this matter in no uncertain way. Mr. 
Vreeland has never been known to be 
windy on this or any other subject. He 
thinks, perhaps, that there may be a field 
for compressed air on cross-town service, 
where the runs are shorter, and where the 
independent motor will be useful in travel- 
ing on different tracks, and where its use 
will not involve a large expense in con- 


struction, which is when the 


necessary 
overhead trolley cannot be used. 

It is perhaps true that the officers of the 
Traction Company are not yet confident 
believers in the success of pneumatic trac- 
tion, but those who have greater confidence 
than this should be well pleased at the 
opportunity which will here be afforded to 
prove this case under the eyes and super- 
vision of President Vreeland, supported by 
men who have at least thus far shown a 
willingness to pay for a demonstration 
which is not restricted for want of funds 
and which has at least been started in a 


way that indicates permanence. 
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Compressed Air Motors. 


The compressed air system has been 
adopted for the 28th and 2gth street cross- 
town lines of New York, by the Metro- 
politan Street Railway Co. During the 
past three years strong efforts have been 
made to secure for this system a permanent 
franchise for its establishment. 

Extended experiments in connection 
with the Hoadley-Knight system have been 
conducted by the Metropolitan Railway 
Company, of which Mr. H. H. Vreeland 
is President. Over eight years ago it was 
seen that»of necessity, some efficient and 
economical method of operating street rail- 
ways in New York would have to be 
adopted, and gas engines, ammonia motors, 
compressed air, electric storage batteries 
and electricity as a constant current as used 
in the overhead trolley system, were all 
considered. New York has stoutly refused 
to have the overhead system, and it was 
necessary for his company to go ahead and 
find some other system. Eminent engi- 
neers were sent abroad and the inquiries 
brought forth some 2600 replies offering 
many schemes. Some had merit, but after 
giving them consideration the company 
was so to speak, in on the air ; and as Mr. 
Vreeland himself says : ‘‘ We are latter day 
saints in the compressed air proposition.’’ 

No such exhaustive research has ever 
been made in the history of traction. It 
was not conducted solely in the interests 
of compressed air, but in the interests of 
capital invested in plants, rapid transit for 
the traveling public, and the comfort and 
safety of patrons. The experiments and 
tests of steel tubes alone being of a most 
exacting nature. Large numbers of the 
best tubes were purchased and tested to des- 
truction. This system did not dawn on 
the Metropolitan Street Railway Company 
like a sunburst. It grew and devetaned, 
and finally became -vhat it is, and its adop- 
tion leaves no doubt in the mind of the 
company as to the success of ‘the system 
both in regard to its efficiency and 
economy and other advantages common- 
ly conceded to compressed air. At the 
same time the Hoadley-Knight system was 
being tried on the Lenox Avenue line, New 
York, and on the Eckington & Soldiers’ 
Home Railway at Washington, D. C., but 
the results desired from the experiments 
were so exacting that the chance for their 
adoption seemed for a time hopeless. 
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The Hoadley-Knight System. 


The compressed air motor cars for this 
system were designed by Mr. J. H. Hoadley 
and» Mr. Walter H. Knight. In general 
construction the motor resembles an elec- 
tric motor—iron clad, and resting with one 
end upon the axle, to which its crank shaft 
is geared, 

The unsatisfactory results attending the 
use of side rods and exposed machinery, 
in connection with the electric motor, were, 
of course, well known, and it was realized 
at once that in any form of air motor it 
was essential that the moving parts should 


ated by a single handle to perform all the 
various functions of the controller in their 
proper sequence, without requiring thought 
on the part of the motormen. These three 
features of iron clad motors, running in 
oil, standard street railway rolling stock 
and single handle controller, were there- 
fore made the distinctive features of the 
Hoadley-Knight system, which may be 
described more in detail as follows : 


Motor Cylinders and Mechanism. 


On each axle is mounted an iron clad 
motor, having two cylinders and cranks at 














FIG. 1 —COMPRESSED AIR MOTOR CAR. 


be enclosed in a case where they could run 
in oil, free from dust, and where they 
would lubricate themselves. continuously 
without the attention of the operator. It 
also seemed extremely desirable to con- 
tinue the use of standard street car wheels, 
axles, trucks and car bodies, as these have 
all reached a standardized form which is 
known to insure the least expense of main- 
tenance, 

Owing, also, to the limited intelligence 
of the motorman, and the necessity of more 
prompt control than is had with steam 
locomotives, it was considered necessary to 
develop a controller, which could be oper- 


right angles. One motor has two high 
pressure cylinders, 3% ins. diameter and 6 
ins. stroke, and the other motor has two 
low pressure cylinders, 7 ins, diameter and 
6 ins. stroke. Upon the crank shaft is a 
pinion, about 9 ins. in diameter, meshing 
into a 23 in. gear wheel mounted on the 
middle of the axle; the axle is straight, as 
used for electric motors, and the wheels 
are ordinary street car wheels. The motor 
consists essentially of a cast iron case or 
basin, to which the two cylinders are*bolted 
and in which all the moving parts, the 
piston rods, crossheads, connecting rods, 
cranks, gears, valve rods, eccentrics and 








429 






, > 


/ 


f 


on 


? fi 


%, 


y 
- oes r a 


COMPRESSED. AIR. 


FIG, 2.—HOADLEY-KNIGHT COMPRESSED AIR MOTOR TRUCK. 


reversing mechanism are located. The 
basin is covered with a lid which can be 
quickly removed, thereby exposing all the 
machinery for complete inspection. A 
sufficient quantity of oil is introduced into 
the basin to keep the moving parts con- 
tinuously drenched with the lubricant, thus 
insuring for them the longest possible life, 
and reducing to a corresponding degree the 
maintenance account. 


Air Reservoirs and Heater. 


The air reservoirs, in the shape of seam- 
less steel bottles, are under the seats of the 
car, and a pipe leads from them to a com- 
bined reducing and throttle valve, which 
reduces the storage pressure to the work- 
ing pressure, The pipe before reaching 
the reducing valve passes around the heat- 
er, so that the air can receive sufficient heat 
to prevent freezing any moisture that may 
be in it. 

The heater consists of a seamless flask 
charged with hot water under a pressure of 
from 150 lbs. to 250 lbs. 


What the Air Does. 


The air on leaving the reducing valve 
passes through a coil kept hot by the heat- 


er to a temperature corresponding to the 
steam pressure of the hot water, and is 
then introduced into the high pressure cy]- 
inders, both of which are in one motor on 
one axle. During its passage between the 
reducing valve and the high pressure cyl- 
inder, means are provided for injecting a 
certain amount of moisture into the air, 
this having been found to give certain ad- 
vantages, as will be described later. In 
exhausting from the high pressure motor, 
the air is again heated and passes through 
the low pressure motor on the other axle, 
from which it escapes through a muffler 
into the atmosphere. $y having one 
motor high pressure and the other motor 
low pressure, undue slipping of the wheels 
is prevented, as when the high pressure 
wheels slip the low pressure motor gets 
more air and more pressure, and the back 
pressure from the receiver tends to stop the 
slipping. When the low pressure motor 
slips its wheels, it draws down the receiver 
pressure and thereby weakens itself, cor- 
respondingly increasing the strength of the 
non-slipping motor. The direction of the 
flow of the air is shown in Fig. 3 where 
R R are the air reservoirs, ’ the reducing 
valve, // the heater, J/ J/ the motors. 
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Durability. 

Twelve months’ operation has demon- 
strated that these motors are highly ef- 
ficient and exceedingly durable, all of the 
original parts being stillin use. The man- 
ufacturers estimate that, making a liberal 
allowance for the wear and tear that must 
occur, which, in the case of the more 
rapidly wearing parts, has been measured, 
the maintainance per car mile can be 
figured at not more than one cent, which 
compares favorably with that of the elec- 
tric motor, 

Weight of Cars. 


The weight of the standard Hoadley- 
Knight air car is tabulated as follows : 


ND oS ae 6,000 lbs. 
MAID oiz'n's 9:0 9 4's 0's ase 4,500 °° 
Air reservoirs.......... 3,000 “ 
BNE SES as i Ghing 4a 5 wwrlace 500 * 
Motors (each 1500 lbs.) 3,0co ‘‘ 
Controlling apparatus... 400 ‘‘ 
MINN a ors (tis cewix's e ¥n'os rso 3 
ROIS 355590 See tS, i 








FIG. 3.—DIAGRAM 


Traction and Consumption of Air. 

The motors are capable of slipping the 
wheels on a dry rail under a weight of 
30,000 lbs., and are therefore as powerful 
as the heaviest electric motor equipment. 
The total weight is little, if any, more than 
that of an equally powerful electric equip- 
ment, and the rigid weight on the axle, to 
which maintenance of track is mostly 
charged, is considerably less. : 

The air consumption of these cars varies 
from 30 lbs. to 4o Ibs. per car mile, fora 
34 ft. car of the Broadway type. About 11 
lbs. of air can be compressed to-2000 Ibs. 
per square inch per horse power hour. The 
cars require therefore, on an average a little 
over 3 h.p. hours per car mile, which in a 
modern compressor, running on a steady 
load and pumping into a reservoir of ample 
capacity, can be produced, it is claimed, for 
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one-half cent per horse power hour, includ- 
ing all power house charges. To this must 
be added the cost of the hot water for re- 
heating, which is given by the engineers of 
the system as one mill per car mile. The 
motive power expenses per car mile on this 
basis are therefore estimated as follows : 


Cost Per Car Mile of Motive Power. 
3% h.p. hours at % cent.... ...$.0175 
Hot water for reheating .OOI 


Maintenance of motor equipment .o1 


Bio. | erie crceeraNerans me ee 


This compares favorably with the best 
that has been done with electric motors. 
The storage capacity for a run of 17 miles 
would be 45 cu. ft. 

Controlling the Car. 


The Hoadley-Knight motors are con- 
trolled by varying the cut-off as well as by 
the throttle, the two being operated simul- 
taneously. This method of controlling is 
adopted because it not only gives the high- 
est efficiency, but also gives the greatest 
range of power. Acarcan be started witha 








SHOWING FLOW OF AIR. 


promptness only limited by the friction of 
the wheels on the rails, or may be started 
with almost imperceptible acceleration. In 
common with other air cars, the start is 
easy and free from jerks. 

A forward movement of the single con- 
troller handle starts the car and the pro- 
pelling force is proportional to the distance 
that the handle is moved from its starting 
point, so that any degree of acceleration 
can be obtained. A backward movement 
to the starting position brings the valve to 
a minimum cut-off and closes the throttle. 
A still further backward movement re- 
verses the motors and opens the throttle to 
back the car. The inventor claims that 
anything less simple than this is not feas- 
ible, or indeed safe, for street car work, and 
they point out as sustaining this view, that 
the only successful electric controllers have 
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been substantially as simple. Of course, 
with an electric motor the reversing 
handle has been kept separate, as it is un- 
desirable to reverse an electric motor, but 
with an air motor there is no objection to 
reversing, and there is therefore no need 
of more than one handle on this account. 
Heating. 

The inventors have made a large and 
exhaustive series of experiments on the 
subject of the heater. They have tried all 
the known forms. Their first experiment 
with the Mékarski heater, which is the one 
generally in use on air cars and in which 
the air is made to pass up through hot 
water, proved to them that such a method 
is liable to bring excessive quantities of 
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return to the hot water heater, but with 
certain precautions against admitting the 
air to the water, which proved highly satis- 
factory. 

Storage Reservoirs. 

Their experiments with air reservoirs 
have been probably the most extensive 
ever made. They have tried laige num- 
bers of each of the five different prominent 
manufacturers and have experimentally 
blown up all kinds repeatedly, both with 
air and water, and find that they are all 
very much alike, both as regards strength 
and character of rupture. They are now 
using the Ehrhardt flasks. It seems to be 
generally admitted that the air motor 
would have reached a practical statejof per- 
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FiG. 4.—SECTIONAL{ VIEW"OF MOTOR_CAR. 


water over into the motors, when heavy 
demands are made upon the air. They 
also found what had not been generally re- 
cognized until they announced it, that such 
a heater, when the contained water is un- 
der a pressure exceeding that of the air, 
runs the motor, practically as a steam en- 
gine, with too much visible exhaust and 
too little air, and that after the pressure of 
the water in the heater falls below that of 
the air, practically no steam is generated 
and the air enters the motor practically 
dry. Their experiments with dry heaters 
showed them that the same economy could 
be obtained with dry heat as with wet, but 
the heater itself proved objectionable and 
difficult to regulate. This brought about a 


fection much earlier, had it not been for 
the slow development of the art of making 
high pressure flasks, which until the last 
few years were not obtainable of sufficient 
strength to give the desired capacity within 
a reasonable space. 

One of these cars will run 15 miles ona 
good track on a charge that is restricted to 
a space under the seats, and this could be 
even increased to 20 miles by crowding in 
all the flasks that the space could allow. 

As the air pressure in the reservoirs is 
always limited to that which the compres- 
sor can give, and as the reservoirs them- 
selves are capable of withstanding nearly 
three times this pressure, it will be readily 
seen that the element of danger is practic- 
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ally eliminated. There is no possible way 
in which the air pressure can be increased 
to the bursting pressure of the flasks. 
Furthermore, they are protected by a safety 
pop set up to open at a pressure slightly 
above that given by the compressor. 
There is no deteriorating influence inci- 
dental to their use. There has never been 
an explosion with any of these flasks by 
air, except when premeditated, and only 
then with the greatest difficulty and with 
apparatus especially constructed at great 
expense to bring the required force into 
play. Every flask is tested to 2% times 
its working pressure before being used. 
Steam boilers are only tested 1% times the 
working pressure. 
Comfort and Appearance. 

The placing of the motor in the middle 
of the axle and the driving of the axle in 
the middle, by means of the gear, does 
away with all lateral oscillation, so com- 
mon in side rod motors. 

The car presents an appearance like that 
of an electric car without the trolley acces- 
sories, and it is claimed to. accelerate as 
quickly, to run as fast, to be as free from 
vibration, start with greater ease, stop with 
greater promptness (owing to lack of mo- 
mentum of armatures) and to possess in 
general all the advantages of the electric 
car, without any of its disadvantages. 

It is true that every two hours the cars 
must be charged, but this is done in two 
minutes and at the end of the line, where 
it does not inconvenience the passengers, 
and therefore, so far as the traveling 
public is concerned, is attended with no 
disadvantages. To the street railway man 
it means practically almost no additional 
expense, as in general a wait of at least two 
minutes is made at the end of the line. 

Common Advantages. 

As compared with the storage battery 
car, which in its absence from dependence 
upon a distributing system the air motor 
resembles, the latter is claimed to possess 
the following advantages : 

1. Its storage cells cost very little, com- 
paratively. 

2. They are a permanent investment, 
requiring practically no repairing. 

3. The reservoirs can be charged in two 
minutes instead of six hours. 

_ 4. An exhaustion of the battery does not 
injure it (as with the sulphating of the 
electric battery). 

5. The weight is about one-half. 

6. There is no odor. 

7. There is no corrosive liquid to slop 
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over, or injure operatives’ hands. 

8. In case of necessity it can be charged 
along the line without leaving the line. 

Barring fuel burning motors, which seem 
to be by common consent ruled out of the 
sphere of street service, compressed air 
stands alone as the only available stored 
force, which suffers no loss or deterioration 
while stored, which is instantly available, 
which requires no skill to utilize it and 
which is absolutely free from any offensive 
products. It is due to these practical fea- 
tures that compressed air has been so suc- 
cessful as a transmitter of force in mining 
work and air brakes, and the same advan- 
tages, it is believed by its promoters, will 
bring about its very general adoption for 
propelling vehicles. 

The expense of installing this system 
does not differ materially from that of the 
electric trolley system. The compressed 
air power plant can be installed for the 
same amount as an electric power plant, 
and the cars, while costing somewhat more 


» than the trolley cars, are more than offset, 


it is claimed, by the expense of the trolley 
line itself. As compared with the under- 
ground trolley, there is, of course, a saving 
of the interest and maintenance of the con- 
duit, a sum which would in itself exceed 
in many cases the whole motive power ex- 
pense of the compressed air car. 
Air Compressors. 

Orders have been given for air compres- 
sors with four stage single acting air cyl- 
inders and intercoolers. They are to be 
driven by a vertical cross compound con- 
densing Reynolds’ Corliss engine, built by 
the E. P. Allis Co. The compressing cyl- 
inders are to be set underneath the engine 
and are to be built by the Ingersoll-Ser- 
geant Drill Co. The initial cylinder is to 
be 46" diam. by 60” stroke. 


The compressed air automobile illus- 
trated on the outside cover of this issue is 
a production of the Pneumatic Carriage 
Co., Postal Telegraph Building, New York, 
and was developed by Mr. A. H. Hoadley. 
This carriage is manufactured at the works 
of the American Wheelock Engine Co., 
Worcester, Mass., and has been operated 
in that city for the past two years. It has 
also been operated’ many times in the 
streets of Washington, D. C., and is sup- 
posed to be the only automobile of any 
description yet manufactured capable of 
ascending a 15 per cent. grade. Other 
developments are in progress in this same 
line which we will speak of hereafter. 
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LIQUID AIR.* 
BY 
WALTER H. DICKERSON, M, E., ’96. 


Through the kindness of Mr. Charles E. 
Tripler, of New York, the Alumni Asso- 
ciation was afforded an opportunity at the 
mid-winter meeting of witnessing some 
experiments with liquid air. It has been 
the good fortune of the writer to have been 
associated with Mr. Tripler for nearly a 
year past, and asa member of the Alumni 
Association, it was with pleasure that he 
came before them as Mr. Tripler’s repre- 
sentative, and endeavored in the limited 
time available to give them some account 
as to the production of liquid air, its prin- 
cipal characteristics, and some idea of the 
great possibilities attending its practical 
application on a commercial scale. 

A few remarks at this point upon the 
conditions necessary for reducing gases to 
the liquid state, will probably aid the 
reader to more clearly understand the mat- 
ter that follows. 

All matter is capable of existing in three 
states, gaseous, liquid and solid, due to its 
temperature, pressure and volume. If we 
compress a gas, we increase its density, but 
as long as the temperature is above a cer- 
tain point, it will not liquefy. If, however, 
we reduce the temperature of a gas to a 
certain point, it will liquefy at a certain 
pressure and at a less pressure if the tem- 
perature is carried lower. This temper- 
ature, at which a gas begins to liquefy, is 
known as its critical temperature, or point. 
All gases possess a definite fixed critical 
temperature, at or below which they will 
liquefy, and above which, they cannot be 
liquefied, regardless of the pressure ap- 
plied. Air at the ordinary temperature, 
has been compressed under fully 4000 at- 
mospheres of pressure per square inch, 
without liquefying. Oxygen gas, at 17 
degrees Centigrade compresse1 by 4000 
atmospheres per square inch, reaches a 
density of 1.25, but is still in the form of 
agas. The following is a table prepared 
by Prof. Dewar in the London FExugineer, 
giving the density of some gases, at the 
temperature of 15 degrees Centigrade, and 
at a pressure of 3000 atmospheres per square 
inch 

Density of gas at 
3000 atmospher- 
es per sq. in. 


Density of li- 
quid at boil- 
ing point. 


Jo ee 1.1034 1.124 
Nitrogen ........ 0.8259 0.885 
5 Wa sia. d a's ho 0.8820 94 
Hydrogen........ 0.0879 


*Reprinted from The Indicator. 
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Thus, we see that it is possible to have a 
gas denser than its liquid. The limiting 
density of hydrogen iso.12. The existence 
of ‘‘ critical temperatures ’’ was discovered 
by Dr. Andrews of Scotland. All liquids 
possess, below their critical temperatures, 
definite fixed boiling points, for definite 
fixed pressures. In the case of air the boil- 
ing point under atmospheric pressure is — 
191° Centigrade or 312° Fahrenheit. At 
this point, gaseous air liquefies and remains 
in the liquid state at ordinary atmospheric 
pressure, so that air can be changed into a 
liquid form by cold alone. A glass of 
liquid air, exposed to the atmospheric air, 
will receive heat from the warm atmos- 
phere, which will tend to evaporate it, but 
the portion that evaporates, by absorption 
of heat energy, keeps the remaining liquid 
cool ; consequently, a jar of liquid air will 
take a considerable time to evaporate. 

Mr. Tripler has been engaged in re- 
searches in high pressures for the liquefy- 
ing of gases, for a number of years, having 
spent all his time and a great deal of money 
in this work. During his researches, he 
devised a simple and economical apparatus 
for the liquefaction of gases. Although 
Mr. Tripler’s name has not been before the 
public until very recently, outside of a 
limited circle interested in his work, his 
investigations have developed many im- 
portant results. 

The work of the European scientists, in 
the practical liquefaction of gases, has 
been chiefly in the following direction : 

Starting witha very easily liquefiable gas, 
as carbon dioxide, the cold produced by 
the evaporation of its liquid, was used to 
refrigerate and liquefy a less easily lique- 
fiable gas, under high pressure (such as 
ethylene for example) and the evaporation 
of the liquid ethylene, was in turn used to 
refrigerate and liquefy one of the so-called 
permanent gases such as oxygen. As the 
reader can readily conceive, it was an ela- 
borate and necessarily expensive plan, as 
all these gases had to be compressed to a 
high pressure. 

But, with the apparatus devised by Mr. 
Tripler, all that is necessary to produce 
liquid air is gaseous air, under a pressure 
from 2000 to 2500 pounds pressure to the 
square inch. The liquefying apparatus 
proper consists simply of a series of coils of 
pipe arranged in several concentric cylin- 
drical compartments in the two large ‘‘ li- 
quefiers’’ shown in the diagram on the 
next page. The coils of pipe, which are 
capable of withstanding high pressures, 
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terminate in a specially designed expansion 
valve and an orifice. The high pressure 
air entering the liquefier, passes through 
the coils until it reaches the expansion 
valve and orifice. Here, the air is ex- 
panded in the expansion chamber to very 
nearly atmospheric pressure. The air, in 
expanding from the high pressure of 2500 
lbs , is reduced in temperature, and this 
cold expanded air in passing over the coils 
from which it has just issued reduces the 
air under high pressure therein contained 
to so low a temperature that it is in part 
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be drawn off within fifteen minutes from 
the time of opening the expansion valve. 
The method of continuously cooling the 
incoming air by passing the cool expanded 
air back over it, as above described, was 
discovered by Mr. Tripler, in the winter of 
1889 and 18go. 

Within the last year or two, certain men 
in Europe have claimed this apparatus as 
original with them, but their claims as in- 
ventors of this apparatus are easily dis- 
posed of by the fact that the apparatus, 
which they are at present using, 1s almost 

















liquefied. With this apparatus, liquid can identical with that which was patented in 
§ 
\ on ae 
———— = sabe: GSA Separair’ ng oy | 
1 - ul \ im 
wail ' 
[ | () 
| After || 
Cooler ) | 
} q | 
| \ SS = 
|< if" ‘forage Tube 
| % | | a i 
ls on 8 ' 
IS N S 
NV oa ns 
8 . Q =| 
S 5. he a = 
[ Inher , | (( Z nd ) ( Jd 
SS E = sy tC 77 
iT T < : Tri a 
urcy, te? Ih qPp Ce) 
2? / i cyé_ ii i yl. | = 
Diagram End uew showing = 
Representing Compressor. Ist and 2nd Inter cooler 
Expansun Valvesj=> | 4 
Valve for drawing > 


REFERENCES FOR DATA GIVEN IN TABLE]. 

Lines 2, 4, 7, 9, 10, II, 12, 13, 15, 16 and 
17 are given by Olszewski in /%’7/osophical 
Magazine, February, 1895. 

Lines 1, 3, 6 and 8 are given by Prof. 
Linde in London Engineer, Nov. 13, 1896. 

Line 18 is given by Olszewski in /’7/oso- 
phical Magazine, 1895. Calculated. 

Line 19 is given by Olszewski in Aunalen 
der Physik und Chemie, 1896. Calculated. 

Line 5, Critical temperature, given by 
Ansdell in Proceedings Royal Society, Vol. 
29, p. 209, 1879. Other data on this line 
given by P. Villard, Comptes Rendus, Vol, 
120, p. 1262, June 10, 1895. 
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England by Mr. Tripler over five years ago, 
and also by the fact that the patent exam- 
iners have given him a priority of three 
years over all others in the use and appli- 
cation of apparatus involving the principles 
referred to. 

It is a significant fact that, with the ap- 
paratus first brought out by these claim- 
ants, it required 17 hours to produce liquid 
air, but the time has recently been reduced 
by them to two or three hours. Another 
significant fact is that these same claim- 
ants did not bring out their apparatus un- 
til after Mr. Tripler had filed his appli- 
cations for patents in England. 

Mr. Tripler was ‘assured a few years ago 
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by certain scientists, that it would be im- 
possible to produce liquid air according to 
his idea. Notwithstanding these discour- 
agements, he has by patient persistence, ac- 
complished it, and demonstrated that his 
method was effective. 

The power plant for the production of 
high pressure air, in Mr. Tripler’s labora- 
tory, consists of an ordinary tubular boiler, 
and a three stage straight line Norwalk 
compressor. The principal dimensions of 
the compressor are as follows : 


Diameter of steam cylinder...16 inches. 
Diameter of piston rod........ 2%. 
SUGKO OE IRUINN - fiinis  « <o:0:60 6:0 16 - 


Diameter of intake aircylinder.1o44 =“ 
Diameter of piston rod, head 


OS” Ry ae ere 2% «= 
Diameter of piston rod, crank 

GUNA home se aSie walsn wisest m3 
Diameter of intermediate cyl- 

RREREM se Aan tars A is tecyaiaiieteieiste ois 63 “ 
Diameter of piston rod........ 3 
Diameter of high or 3rd stage 

Sg re Sa San 
Stroke of all air pistons....... 16 5 


Steam pressure carried is from 85 to go 
pounds per square inch. 

The cylinders are arranged in tandem, 
allon the same bed, and are in the follow- 
ing order : Steam cylinder, intake air cyl- 
inder, intermediate air cylinder and high 
or third stage aircylinder. The steam end 
isa simple steam engine, with adjustable 
cut-off Meyer valves. 

The air is led to the compressor through 
a pipe, which extends above the roof of the 
building, in order to get clean air free from 
dust. Before entering the compressor, the 
air passes through a washer, which washes 
it free of dust and saturates it with water. 
The air enters the intake cylinder, which is 
double acting, where it is compressed to 
about 65 lbs pressure to the square inch. 
It then passes through an inter-cooler, and 
is reduced to the ordinary atmospheric 
temperature, by means of water circulated 
through the pipes in the inter-cooler. It 
then enters the intermediate cylinder, 
which is single acting, and is compressed 
to about 4oo pounds pressure From here, 
the air is discharged into the second inter- 
cooler, where it is again cooled by means 
of the water circulation to the ordinary 
atmospheric temperature. It then enters 
the high pressure or third stage air cylinder, 
where it is compressed to the discharge 
pressure of from 2000 to 2500 pounds pres- 


sure per square inch. After passing 
through an after-cooler, to reduce its tem- 
perature again to that of the atmosphere, 
the air passes through a separator, where 
all the moisture, oil, dirt, etc., are removed 
from it, and from there, passes to the stor- 
age tubes. 

From the storage tubes the air under 
high pressure passes to the liquefying ap- 
paratus and in from twelve to fifteen min- 
utes from the time of starting, liquid air 
can be drawn off from the apparatus 
through a discharge pipe at the bottom. 

The present apparatus will produce from 
two to three gallons of liquid air per hour. 

The facility with which the liquid is 
handled and transported is rather remark- 
able, considering the temperature condition 
necessary to maintain it in its liquid form. 
It has been transported in three and four 
gallon quantities to Lynn, Mass., Phila- 
delphia, Baltimore and Washington, with 
a loss, from evaporation, of from 25 to 30 
percent. The receptacle in which the air 
is carried is nothing more or less than a 
large tin or copper can insulated with about 
three inches of hair felt. 


To be continued. 


Deaths among caisson-workers have been 
investigated by Drs. R. Heller, Wilheim 
Meyer and Hermann von Shrotter, and the 
results are contained in a paper in the 
**Centralblatt der Bauverwaltung,’’ - for 
Dec. 8, 1897, written by Mr. L, Brenecke. 
In 129 deaths among workers in com- 
pressed air, 38 men were divers and 91 cais- 
son-workers. These doctorsagree with the 
theory of Paul Bert, of Paris, that the dan- 
ger lies, not in the high pressure, but in a 
too rapid reduction of pressure. This is 
shown by the fact that a sudden reduction 
from + 0.3 atmosphere to the normal has 
caused death ; while a pressure of —- 5.4 at- 
mospheres was followed by no evil results 
when 3 hours 3 minutes were consumed in 
reducing this pressure. They agree that 
in all except exceptional cases, no deaths 
will occur if 2 minutes are allowed in re- 
duction, for every 6.1 atmosphere in excess 
of the normal pressure. They also propose 
a hospital air-lock where pressure of more 
than + 1.5 atmospheres are to be used, so 
that the sick may be treated under pressure. 
Workman should be housed in barracks 
where they can be kept under medical con- 
trol.—Lungineering News. 
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Men Prominent in Compressed Air De- 
velopment. 

Two conditions are always prominently 
connected with the development of every 
new and useful thing, whether it be a ma- 
chine or the useful application of a new 
science—men and money. It is usual for 
us to talk of the lack of means as the ex- 
cuse for failure to bring a new thing to the 
paying point, but the right kind of man, 
the genius to handle each particular sub- 
ject is of greater importance than money. 
Good and useful things have been produced 
by men working practically without means, 
but money has never built up a good thing 
without the aid of the man of brains. 

Compressed air,though as old as the hills, 
is a new thing in its usefulness to man- 
kind. This century, and we may also say 
this decade, is the compressed air era, and 
yet the useful application of this power 
has become so general, that we appear to 
be only beginning to enter this wide field 
of usefulness. American men and engi- 
neers are responsible for a large share of 
this. French, German and English engi- 
neers and professors are greater theorists, 
and have built for us the foundations on 
which practical work has been laid. The 
Popp system in Paris, deficient as it is from 
our standpoint, has pointed the way to 
better things. It was this system which 
first attracted Professor Riedler’s attention 
to compressed air. The writings and in- 
ventions of Professor Riedler entitle him 
to rank at the top among pneumatic engi- 
neers. He has-been spoken of as the high- 
est authority on pneumatics in Europe. 

This title might perhaps be disputed by 
Professor Unwin, gh Mucland, who though 
less inventive than Riedler, is quite his 
equal in knowledge of pneumatics, and 
whose thoroughness and exhaustive capa- 
city for work entitles him to rank among 
the greatest of living engineers. Professor 
Kennedy has also taught us much that we 
know about compressed air, 

The readers of this publication will be 
glad to see the portraits of those who have 
accomplished so much, and who are al- 
ready well known by reputation. Our 
gallery is necessarily not complete, notably 
so in that it does not contain the picture of 
Mr. Ebenezer Hill, of Norwalk, Conn. our 
highest authority on this subject Mr. Hill 
is a rare combination of the engineer and 
business man and an inventor who has de- 
signed standard machinery. He has been 
intimately connected with compressed air 
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B. C. BATCHELLER, 


for perhaps twenty-five years, and in the 
development of the compound air com- 
pressor he is entitled to the first rank. 
Mr. Hill long ago saw the importance of 
compound compression, and he adhered to 
it at a time when he stood alone. To-day 
every engineer who knows anything about 
the subje2t recommends compounding, and 
all makers of the first class furnish com- 
pound machines. 

Mr. A. C. Rand, of the Rand Drill Com- 
pany, is no less prominent in the useful de- 
velopment of compressed air machinery 
than in his personal modesty, which is 
our only excuse for the absence of his por- 
trait in this gallery. Mr. Rand is best 
known in connection with his company, 
and the machinery which he has developed 
and introduced throughout the world; he 





HENRY D, COOKE. 
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is also known in the Patent Office, and as 
the author of ‘‘Uses of Compressed Air.’’ 

Mr. B. C. Batcheller has been called the 
Edison of pneumatic sciences. He is, as 
his portrait indicates, a young man of de- 
termination and ability. He is best known 
in connection with the pneumatic despatch 
system of the Batcheller Pneumatic Tube 
Company, which has been adopted by the 
United States Government. The details 
of this system, designed by Mr. Batcheller, 
show that practical originality which 
usually denotes the successful mechanical 
engineer. 

Mr. H_ _D. Cooke has fought compressed 
air battles as a gallant knight: Compressed 
air has been his shibboleth. His work has 
been mainly of a business nature in con- 
nection with the promotion of pneumatic 
traciion companies, and it is probably due 














F. A. 


HALSEY. 


more to his personality and strength than 
to anything else, that the use of compressed 
air for street cars has been kept alive in 
America. 

Mr. F. A. Halsey is a well known engi- 
neer and inventor. Shortly after graduat- 
ing from Cornell University he began work 
with the Rand Drill Company, where he 
invented the ‘“ Slugger’? rock drill. 
Among other things he has invented a 
mechanical yalve motion for air compres- 
sors and a pneumatic pump. He has 
published two works, ‘‘Slide Valve Gears,”’ 
now in its fifth edition, and ‘‘ Locomotive 
Link Motion.’’ His paper entitled ‘‘ The 
Premium Plan of Paying for Labor,’’ read 
before the American Society of Mechan- 
ical Engineers in 1891, has been widely 
quoted. He is, perhaps, our best authority 








ROBT, HARDIE, 


on valves. He is a close student, thought- 
ful and accurate and an acknowledged 
authority on pneumatics. 

Mr. Robert Hardie, the inventor of the 
Hardie Air Motor, is a Scotchman by birth, 
though in all other respects an American. 
Air, especially in its use for traction, has 
been Mr. Hardie’s hobby. He designed 
the motor which was used on the elevated 
road in New York in 1879, and has recent- 
ly built air motors for street car work. 
Mr. Hardie had much to do with the de- 
sign of the De Lavergne Refrigerating 
Company’s machinery: His mechanical 
ideas are marked by much individuality, 
the element of simplicity being prominent. 
It is doubtful if any one has had as much 
experience as Mr. Hardie in pneumatic 
traction, and he isan acknowledged author- 
ity on the subject. 











GEN, HERMAN HAUPT, 
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GARDNER D, HISCOX, 


General Herman Haupt is a well known 
engineer. Graduating from West Point as 
a military engineer, the General has had a 
most extended career in field work, rail- 
road construction, bridge work, as _profes- 
sor of mathematics and civil engineering, 
general superintendent and chief engineer 
of railroads, etc. His attention was first 
attracted to compressed air in 1879. Since 
then he has been identified with pneumatic 
traction, as president of the General Com- 
pressed Air Company. He has published 
several works, among them ‘‘General 
Theory of Bridge Construction,’’ and 
‘* Haupt on Motors.”’ 

Mr.Gardner D. Hiscox, is a distinguished 
hydraulic and pneumatic engineer, and is 
at present on the staff of the Scientific 
American, Mr. Hiscox has had a most 
extended experience in mechanical con- 














J. H. McCONNELL, 
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struction, is very fertile in expedients and 
has a fund of information at his fingers’ ends, 
based on practical contact with work. As 
an engineer he combines the theoretical and 
the practical, and is weil posted and a safe 
adviser on pneumatic and hydraulic sub- 
jects. 

Mr. J. H. McConnell is the efficient 
superintendent of motive power of the 
Union Pacific Railroad at Omaha, Neb. 
His paper read before the Western Railroad 
Club (COMPRESSED AIR, Vol. I, No. 2) 
showed a knowledge of the practical ap- 
plication of air, which has entitled him to 
rank as one of the most useful students of 
this subject. Mr. McConnell saw the pos- 
sibilities that were dormant in compressed 
air, and he went to work to develop ma- 
chinery for its use. This he has done ina 
most extended way on the Union Pacific 
road. 




















R. A. PARKE. 


Mr. R. A. Parke, is 4 well known mathe- 
matician and engineer, young, able and pro- 
gressive. He isespecially prominent among 
railway men, because of his connection with 
the Westinghouse Air Brake Company. 
He is a recognized authority on compressed 
air and especially in connection with air 
brake service. Mr. Parke has designed 
and patented a system of air brake traction 
which has been worked experimentally at 
Albany, N. Y. As an inventor he is 
extremely conservative, but for this his 
traction system might have been pressed 
forward by capitalists. A paper read by 
Mr. Parke before the New York Railroad 
Club in 1894, entitled ‘‘ Economy in Com- 
pressed Air Transmission for Commercial 
purposes and for Air Brake Purposes,’’ has 
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been widely quoted and is an able contri- 
bution to our literature on this subject. 
Mr. William Prellwitz is in charge of the 
engineering department at the shops of 
The Ingersoll-Sergeant Drill Company. 
His training in connection with air com- 
pression, especially in the design of pneu- 
matic machinery, has been thorough and 
extensive. Engineering comes natural to 
him, and he belongs to that class of think- 
ers on the subject, whose ideas inspire 
confidence Mr, Prellwitz thinks to the 
bottom of every subject brought to bis at- 
tention; a ready and expert free hand 
draughtsman and one of our best autho- 
rities on pneumatic engineering. His 
paper entitled ‘‘ Compressed Air: Its Pro- 
duction, Transmission and Use,’’ published 
in Vol. II., No. 7, of COMPRESSED AIR, 
is a compendium on the subject and an 





WILLIAM PRELLWITZ, 


education to a student of compresssed air 
literature. 

Mr. Whitfield P. Pressinger is the effi- 
cient Secretary of the Clayton Air Com- 
pressor Works. He has written several 
magazine articles on compressed air, and 
his connection with the Clayton Company 
has given him a wide experience in pneu- 
matics. It has been mainly through Mr. 
Pressinger’s active management that the 
Clayton Compressor is so widely known. 

Mr. Frank Richards stands at the top 
among pneumatic engineers. A volumi- 
nous writer on the subject, clear and inter- 
esting in his style and combining the 
theoretical with the practical. Mr. 
Richards is a trained mechanic, having 
been at one time the superintendent of the 
shops of the Ingersoll-Sergeant Drill Co. 








WHITFIELD P. PRESSINGER, 


He is at present associate editor of the 
‘“dmerican Machinist. His book on ‘‘Com- 
pressed Air’’ has hada large circulation, and 
contains more information on this subject 
than any other American publication. Per- 
sonally Mr. Richards is of an extremely 
modest nature, popular with all his assoct- 
ates and a safe consulting engineer. 

Mr. Edward A. Rix is better known on 
the Pacific coast than in the east. He has 
been intimately connected with com- 
pressed air during most of his business life. 
Mr. Rix is versatile and clever. Asan in- 
ventor he has produced the Rix Drill and 
Air Compressor; his best work, perhaps, 
being the air plant designed by him for the 
North Star Mining Company, Grass Val- 
ley, California. Mr. Rix has made some 
interesting and useful contributions to 
compressed air literature, among them 
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EDWARD A, RIX. 


‘‘Rix Engineering Pocket Book,’’ and 
several magazine articles. 

Mr. Henry C. Sergeant is well known in 
connection with The Ingersoll-Sergeant 
Drill Co. Among his inventions are the 
Ingersoll Eclipse and the Sergeant Drills, 
the Sergeant Coal Cutter and the Ingersoll- 
Sergeant Air Compressors. He first at- 
tracted attention in 1861, when by Act of 
Congress the United States Government 
gave him $10,000 for a marine engine reg- 
ulator. He was at that time twenty six 
years of age. All his inventions have been 
in the line of steam, gas and air machinery. 
The Patent office records bear evidences of 
Mr. Sergeant’s fertility as an inventor, 














HENRY C. SERGEANT. 


His work always bears the mark of prac- 
tical simplicity, combined with economy 
of construction and operation. 

Mr. J. W. Thomas, Jr., is assistant gen- 
eral manager of the Nashville, Chattanooga 
& St. Louis Railway. He designed and 
has successfully applied an original pneu- 
matic system of handling switches and sig- 
nals, described in Vol. II., No. 8, Com- 
PRESSED AIR. 

Mr. Charles E. Tripler has recently at- 
tracted much attention in connection with 
liquid air. He has been engaged in re- 
searches in high pressures for the liquefy- 
ing of gases for a number of years, having 
devoted all his time and a great deal of 
money tothiswork. During his researches 








J. W. THOMAS, JR. 


he devised a simple and economical appa- 
ratus for the liquefaction of gases, his 
investigations on this subject having de- 
veloped many important results. 

Mr. F. C. Weber is an able mechanical 
engineer, at present employed by the Rand 
Drill Company. He isa graduate of Cor- 
nell University, where he attracted atten- 
tion by a graduating thesis on compressed 
air, in which was embodied original re- 
search. Mr. Weber has a straight mind, 
is a born mathematician and an authority 
on pneumatics. His address before the 
Engineering Society of Columbia College, 
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CHAS, E. TRIPLER. 
entitled ‘‘ Compressed Air as used for 
Power Purposes,’’ was published in the 
early issues of this paper. 
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F. C. WEBER. 





To Ring Chime Bells. 





Work is progressing on the proposed 
ringing of the chime bells of St. Patrick’s 
Cathedral, New York, by compressed air. 
Mr. Hertford C. Champ is the inventor of 
the system adopted. The keyboards will 
be in the sacristy of the church, 600 feet 
from the bells. The valves of the cylinders 
will be operated by electricity and the 
clappers will be moved by the piston at- 
tached tothem. The air compressor will 


be driven by electricity. There are nine- 
teen bells in all, weighing from 300 to 6,000 
pounds each. 


Manhattan Elevated Railroad Shops. 





The power which is extending its range 
in railroad fields with a force and vigor of 
which we have no recorded precedent, is 
compressed air, which is becoming every 
day more and more closely linked with 
practical usefulness, and the reason there- 
for is not far to seek, and is a short tale 
soon told. 

Compressed air and pneumatic apparatus 
of the higest types, are the embodiments 
of inventions made by mechanicians who 
grasped the compressed air proposition 
with one hand, and the requirements of 
industries with the other, incorporating 
them into the moulds that fashioned the 
compressors and tools which are at work 
to-day in every part of the world. One of 
the most conspicuous features in the pro- 
gress of compressed air apparatus and 
pneumatic tools is their rapidly extended 
use in railroad shops, under numerous 
novel conditions and forms. A notably 
well conceived and carried out installation 
of the latest type of compressed air service 
is that in the shops of the Manhattan Ele- 
vated Railroad Company, which covers 
two city blocks in the Borough of Manhat- 
tan, bounded by East 98th and ggth Streets 
and Third and Fourth Avenues. 

The elevated roads comprised under the 
Manhattan management, have been for a 
quarter of a century, a great factor in the 
upbuilding of the new west and east sides 
of what are now the Boroughs of Manhattan 
and Bronx. In 1873, the then existing 
elevated road was a light structure, single 
track with sidings, extending from Rector 
to West 34th Street. The power was trans- 
mitted from stationary engines, to endless 
chains clutched by the cars. The system 
was crude, when measured from the stand- 
point of to-day, but nevertheless, the road 
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BORING HOLES IN WOOD, 


sprang into immediate popularity, and its 
prosperity led tothe great extension com- 
menced in 1876, which stretched miles of 
tracks over territory in great part devoted 
to agriculture, and as sparsely settled as 
counties of the state bordering upon the 
Adirondack region. It is now 20 years 
since the roads were completed to the Har- 
lem river and beyond, and the strongest 
evidence of the road’s success in building 
up the city is the indisputable evidence 
that since 1876, there has been built upon 
land from 59th Street to 176th Street, and 
from river to river, homes, shops, factories 
and institutions which house a larger popu- 
lation than is enumerated in the combined 
populations of Boston and Baltimore. 

The Manhattan elevated system holds 
the world’s record for frequency of trains, 
and passenger traffic, per mile of track. As 
an illustration of the volume of traffic, it 
may be said, that the system conveys more 
passengers than all the railroads which ply 
between the Potomac and Rio Grande 
rivers. 

The following figures shows the enor- 
mous traffic of one year. 


Train, Car and Engine Mileage and Passengers 
Carried, Fiscal Year ending June 30th, 1897. 

Train Miles. Car Miles. Eng. Miles. 

Branches . 120, :30.78 184.558 36 120,130.78 

Main T,ines . 9.790,834.60 42,996.973.42 10,548.445 28 








Total... - 9 910,965.38 43,181,531.78 10,668.579.06 


Total number of Passengers 
All lines nan eeeet . 182,964 851 

The need of improved appliances suitable 
for handling expeditiously the vast equip- 
ment of the road was quickly appreciated 
by Mr. W. J. Fransioli, General Manager 
of the Manhattan Elevated Railroad, and 
one of his earliest acts on assuming man- 
agement was to take up the compressed air 
feature. Previous to that time it had not 
been used at all. By his kind permission 
we recently had the pleasure of visiting the 
Manhattan shops for the purpose shown 
herein. 

For the information relative to the plant 
we are indebted to Mr. M. McNally, Mas- 
ter Mechanic. 

The air compressor is situated in the 
boiler and engine room, a separate build- 
ing, adjacent to the blacksmith, boiler and 
machine shops. The type is an Ingersoll- 
Sergeant 








BORING OUT A CYLINDER. 
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CHIPPING AND DRILLING WITH HAESELER DRILLS AND BOYER TOOLS. 


From the reservoir the air is conveyed in 
600 feet of three inch, and goo feet of two 
inch mains, to the various shops. In one 
line of main pipe the extension is under- 
ground in a public street, and then over- 
head for distribution in a shop 4oo feet 
from the compressor, but there is no drop 
in potentialty in any of the smaller supply 
pipes deflected from that main. In each 
shop there are either batteries or single air 
tanks conveniently placed for access and 
distribution to the best advantage. _ A great 
many air hoists are used, and one is in 
course of construction for hoisting lumber 
from the yard to the upper stories of the 
wood working shops, which. will hoist 
about 3,000 pounds or less, 26 feet. 

Several pneumatic cranes are in use; one 
recently intalled, enables one man in one 
minute, to perform work that: formerly re- 
quired two men four minutes; - In the boil- 
er shop pneumatic tapping, screwing and 
drilling machines, perform varied oper- 


ations with high velocity and accuracy. In 
form the machine is a rotary miniature en- 
gine, with a short cylinder fitted with a 
circular piston, internally tangent to the 
cylinder; the axis of the piston being par- 
allel with the cylinder. A sliding diaph- 
ragm of brass divides the cylinder into two 
equal parts, air admitted behind the diaph- 
ragm, causes it to revolve until the exhaust 
passage is reached. ‘The speed of the pis- 
ton is controlled by gearing. This inge- 
nious machine is used for tapping and 
screwing staybolts, reaming and drilling 
out boiler tubes, and drilling of several 
descriptions. With this machine a good 
mechanic can roll out 200 boiler tubes on 
both ends in four hours. 

Several rivetters are in use, and in them 
is noticeable the striking superiority of 
pneumatic over hydraulic rivetters, in that 
the pneumatic rivetter makes an initial 
stroke that is quick and powerful, bonding 
the rivet and plate-into homogeneity, fol- 
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GAUGE TESTING APPARATUS. 


lowing with a secondary blow which upsets 
the rivet, so that the rivet and orifice are 
fixed in a perfect union. The pneumatic 
staybolt cutter has a capacity tor cutting 
off from 1,200 to 1,500 staybolts an hour, 
according to the diameter of the bolts. 
Under the chisel and hammer method 
which obtains in shops not equipped with 
compressed air, staybolts are invariably 
loosened in the sheets, whereas with pneu- 
matic tools, the work is flawless. All 
caulking performed in this establishment 
is done with pneumatic tools of especial de- 
sign for the requirements. Reboring of 
cylinders while in shop for ordinary pur- 


s. 

The hoists for axle lathes and wheel 
borers are also of designs adapted to the 
requirements of the work, and are pro- 
vided with ingeniously constructed grip- 
ping, and overhead trolley attachment. 
One man can lift a wheel to the lathe in 
two seconds, All the air hoists were made 
in the establishment; the material being 
wrought iron pipe, the ends being set with 
ordinary caps and couplings. The pistons 
work well, notwithstanding the fact, that 
in several patterns, the cylinders were not 
bored out, as is done with hydraulic jacks 
and hoists, and arrangements are being 
made for a further extension of work in 








the direction of hammers, jacks and port- 
able cranes for use in the yards, All cyl- 
inders are blown out with air, replacing 
the steam process, so hot and uncomfort- 
able for the hands. All air is delivered at 
uniform pressure of eighty pounds, where- 
soever required in and out of shops. Other 
uses besides the foregoing are seen in the 
air brake bonding and testing processes, 
the testing of Pintsch gas tanks and pipes 
to eighteen atmospheres, the boring and 
cutting of wood, the mixing of paints, and 
the conveyance of sawdust from the shops 
through pipes to the sawdust furnace near 
the boiler house. 

All the seats and backs of the car seats are 
of cane work, and are soon soiled and be- 
grimed with smut and dust in the almost 
incessant use to which they are subjected 
to. These are cleansed from dirt and dust 
wholly by means of compressed air ad- 
mitted through an '%" nozzle secured to 
flexible connections. 

All castings are cleansed by substantially 
the same process. A short time ago, when 
preparations were being made for painting 
the interior of the shops, Mr. McNally de- 
cided to free the walls and ceilings from 
dust by the use of compressed air forced 
through %" nozzles secured to hose con- 
nections. The result of the operations has 
firmly established the process for future 
use. This in brief recounts the applica- 
tion of compressed air and pneumatic tools 
in an extensive plant, which in every re- 
spect is in alignment with every progressive 
movement in mechanic arts that is founded 
upon correct principles, having for its pur- 
pose the production, conservation and 


practical use of the highest available type 





CLEANING RATTAN CAR SEATS, 


COMPRESSED 


of power applied through the best tools. 
Ere long further additions will be made 
to the use of compressed air apparatus at 
this plant, where it is recognized as a 
mighty power, swift and sure, pulsating 
with energy that can both push and pull. 








The above illustration shows an 


appar- 
atus which is used in the candy manufac” 
tory of Croft & Allen, Philadelphia, Pa. 
Its purpose is to remove candy from the 
tops of tables where it has been spread in 
thin layers to harden. These tables are 
provided with rollers for easily running 
about the place. When the candy has 
become of proper consistency the table is 
It is 
clamped firmly to the bar A shown under- 
neath. The blade B, which is then at the 
end opposite (C) to where it is in the picture, 
is forced forward by means of a piston at- 
tached to the blade driving it the entire 
length of stroke. 


shoved over under the apparatus. 


The blade skims the top 
of the table, scooping the candy which has 
adhered very firmly. The result is a great 
saving of labor. It is all done in a few 
seconds, whereas before the apparatus was 
designed, several men were employed to 
remove the candy. Many tables were re- 
quired and the limited room was in con- 
tinued confusion. The apparatus was de- 
signed by Mr. Howard A. Pedrick, of the 
firm of Pedrick & Ayer, Philadelphia, and 
while it is a special appliance, it is none the 
less interesting. 


We beg to inform our readers that we 
have on hand a limited nuinber of bound 
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copies of Volume No. 2. COMPRESSED AIR, 
including the numbers from March, 1897, 
to February, 1898. Price, $2.00. 


In this issue we combine the matter 
usually contained in two numbers of ‘‘Com- 
PRESSED ArrR.’’ Our reason for doing so 
is to enable us to arrange the date of each 
issue to conform with the usual method of 
periodicals. Hereafter this journal will 
be regularly issued on or about the first 
day of each month and will bear the date 
of that month. 





A most interesting installation of an air 
compressor, a gasoline engine and a mine 
hoist, is in operation at the Golden Wave 
Mine Congress, Arizona. The gasoline 
engine is a standard Fairbanks-Morse type 
and is located between the air compressor 
and hoist. The shaft of the compressor is 
directly connected to the engine shaft by 
means of a friction clutch coupling. The 
engine shaft is extended on the opposite 
side and connected to the drum of the 
hoist. The gasoline engine operates both 
compressor and hoist, air being used to 
run rock drills. The plant is admirably 
adapted for small mining operations and 
other work, and especially useful where 
ordinary fuel is scarce, owing to the port- 
ability of gasoline, and the plant itself: 
The general eastern agents of the Fair- 
banks--Morse Co., are Messrs. Patterson, 
Gottfried & Hunter, New York. 


Liquefying Hydrogen. 





LONDON, May 11.==Prof. Dewar has suc- 
ceeded in liquefying hydrogen, which is 
an unprecedented feat. despite the suc- 
cesses claimed by some theorists. Prof. 
Dewar produced half a wine glass full of 
the liquid in five minutes. The process is 
applicable to any quantity. The boiling 
point of the liquid is 240° below zero, cen- 
tigrade. Scientific men regard the feat as 
being of immense importance, apart from 
its enormous scientific interest. By use of 
liquid hydrogen, Prof. Dewar has also 
liquefied helium.—N. Y. Sun. 
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COMMUNICATIONS. 


Under this heading will be published inquiries 
addressed to the Editor of COMPRESSEDAIR. We 
wish to encourage our readers in the practice of 
making inquiries and expressing opinions. 

We request that the rules governing such cor- 
respondence will be observed,. viz: all communi- 
cations should be written on one side of the paper 
only : they should be short and to the point. 


LimA, O., May 11th, 1898. 
** COMPRESSED AIR.”’ 

Would you kindly give me some infor- 
mation upon the following point? 

It is desired to raise water from a well by 
the ‘‘ Air-lift’’ process, the casing of same 
being 6" in diameter, and surface of water 
80 feet below the ground. We wish to 
know if an ordinary 8" air brake pump can 
be used to accomplish this, it being 
necessary to convey the air a distance of 
1500 feet from the pump to the well. I 
presume it will be necessary to place a 
smaller pipe inside the casing for the pur- 
pose of raising the water. 

I should lke very much to know what 
is the method of calculation for determin- 
ing what amount of water, a given amount 
of compressed air, at a given pressure is 
capable of raising. 

Hoping that 1 am not imposing upon 
good nature, I am, 

Very truly, 
CuHas. H. Fry, JR. 


The amount of water pumped by an Air 
Lift Pump depends upon the number of 
cubic feet of free air per minute, the height 
to which the water is raised above its suriace 
and many other conditions under which 
the Air Lift Pump may operate. 

If your Air Brake Pump has 8" x 8" cyl- 
inders and runs 120 strokes per minute, the 
volume of free air compressed would be of 
course the product of the piston speed by 
the area of the cylinder from which should 
be deducted perhaps 20 per cent. for clear- 
ance and leakage with this style of pump. 
This will give 28—20 per cent, say 22 cubic 
feet of free air per minute. 

The formula commonly used for deter- 
mining the amount of water raised with 
a given amount of free air is as follows : 


“7, Where G equals the number of 


gallons per minute A equals cubic feet of 
free air and L equals the lift in feet from 
the surface of the water to the point of 
discharge. This would be for your case 
125 x 22 


—o equals about 34 gallons per minute. 
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This applies only when the submergence 
equals one and one-half times the lift, or for 
your case 120 feet of water when lifting 80 
feet above the water level, or to the surface 
of the ground only. As this water level will 
probably fall somewhat when pumping, the 
lift will be increased and the amount of 
water pumped decreased accordingly. 

For a 1’ pipe line 1500 feet long carrying 
about 22 cubic feet of free air per minute, 
the loss of pressure by friction will be 
about 5 pounds—not an excessive amount. 
The water discharge pipe should be 2" and 
the air pipe 3" or 1". The air pressure 
will be about half a pound for each foot 
of submergence, being dependent upon the 
submergence and not upon the lift. 

While you can operate an Air Lift Pump 
by the use of an Air Brake Pump it is not 
an economical process. This style of pump 
uses from 150 to 250 pounds of steam per 
1 horse power per hour, where an inex- 
pensive belt driven Air Compressor would 
run on 40 pounds, and the saving in fuel 
would pay for the air compressor in a few 
months. It was recently brought out at a 
meeting of railroad officials, that if air 
brake pumps were to be had for nothing, it 
would pay better to buy air compressors at 
an extravagantly high price on account of 
the fuel saving —ED. 


COMPRESSED AIR: 


We are in receipt of nine numbers and 
index of Vol. No. 1, and a perusal of the 
first four numbers has whetted our appetite 
for the missing numbers five, six and 
eleven. We sincerely trust you will be 
able to get us these missing links, as a 
promised feast should not lack any of the 
essentials. Can you not see your way to 
reprint these three numbers ? Surely there 
will be more than our modest demand for 
them, but if not, can you not give us type- 
written copies of the articles appearing 
therein or in some other way enable us to 
complete what we are sure will prove a 
most valuable addition to our mechanical 
literature? Do help us out in some way. 


Sincerely, 
Union BoILeR TuBE CLEANER Co., 
A. T. Rowand, President. 
NoTE.—We have many requests similiar 
to the above. Can any one furnish our 
correspondent with the above numbers of 


Volume No. 1, July, August, 1896, and 
January, 1897?—ED. 
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ALPHABETICAI, LIST OF INVENTIONS. 


For which patents have been granted on pneumatic appliances. Prepared especially from official 
records for COMPRESSED AIR, 
BY GRAFTON L, M'GILL. 











| 

APPLIANCE. | NAME OF INVENTOR. | DATE oF IssuE.| No. 
it AGRO OOK Cease So mkre Ae oe April 16, 1895 | 537,517 
PRY UD 1 baiecatersvateeercec tar sxeleataus nuatandis Anderson & Ericksson| March 30, 1897 | 579,670 
ee I ee ee Barbour & Hansen...}| Oct. 12, 1897] 591,584 
rE MS rie ee ..| Bemster..............| Nov. 10, 1891 | 463,092 
cee CE divest inane die aiaatiatae orate Betcher......... ....| April 21, 1896 | 558,475 
STE Rip ca telaraeecesple etotaia aia trees a ae Nov. 10, 1891 | 463,025 
EE Te IN Re ee RMN 656: vie sl eestiere sistas | May 11, 1897 | 582,257 
CeO glateiasenclecstetetpanher fare gatantelaas IN Oh ies orev asancr save 'svelaks Oct. 26, 1897 | 592,688 
COD Wrote ne tesla ae bose, Taglia/ 4 UMMM tip ws sorai a July 30, 1895 | 543,462 
(ee ee 7 SSR eer | Aug. 19, 1890] 434,422 
Ee? . ft scatter iio o:s's | MER MPORIRARD i 6:6.6'6s ea aces 0' a | Feb. 24, 1891 447,066 
MET Oo rr er eer NEN 5555S kve\iratavate onl March 10, 1896} 555,929 
MEE Oe en Pee See ...| April 23, 1895 | 538,068 
MT rer re MRI 55550) <<a overeisties oid | June 1g, 1894} 521,762 
aS did: diese RG alae 6 eee PERIREL i %6. a9. os sis eescaiows | May 9, 1893 | 497,048 
PF ath elisa acts Eee Se ai ie ee | Dec. ~ 30, 1890} 443,641 
ieee Cerro ear oiei¢he | RMRMROIE ss. <-c0- el Rocce ean July , 1890 | 431,729 
ES ah. sarteuriaeer es eat aatara erste sete 1 SP ee eneerens 10, 1893 | 506,486 
(CT ee ee Tee Fletcher & Huggings.} Oct. 8, 1895 | 547,718 
Crs” Vetexacecelehetpieseta@lsrsmiaraee'e aeiere II 5-50: sis:sunrcisieuwicpeoy Oa 26, 1897 | 592,246 
PAL. ecctaureastoptenere Sete ss ee ee lee ee 
Be? cattgtelnda SER oe eels eine ae EE ae | May 26, 1896 | 560,707 
Re) | ' Sapien tente sianae git carat Good & Marichal..... April 28, 1896} 558,944 
Sts “x dpredataneldgtalelg at oacatele easiest ets CSPIGWONE 00.56 6 siete saree June 30, 1891 | 455,201 
TO. « haleeen seein ee wa sole ates PEE cc dnie tien crevice el Aug. 4, 1891 | 457,272 
BP | . Gecavasce cata caharhcataone tale wt ita’ gtete aoe | Ae steeeeee | Aug. 4, 1891 | 457,273 
E\. Sie Weawlentiee a Glee meres | Hanser & Whittaker..| Jan. 3, 1893 | 489,148 
on phagnieieatel teghemiecaio a tielerenits ee eee RRR) 2 14, 1890} 438,251 
RE: «Sh ae Tangha ten Rie arte tore teen ed | ee Dec. I, 1891 | 464,364 
cr” «Waicare chats amr ete amis clare ieee RAID 50s: sin Ca Siecieress June 27, 1893} 500,340 
ST foams ert he otNiatwmria nc ea totiote ee ere | Nov. 18, 1890] 441,103 
(8 = pastime ew Gata was Ree Mihsbach & Groeschel! Sept. 1, 1896! 566,785 
Re ap ene pa tenGnnl wemare caption aaieereus Musselman .......... | Aug. 8, 1893 | 502,860 
ae di. Bhalla Ta biases SaetetareRe erica § atv BRESCIA). 5.sa0 4a cuctes Feb. 4, 1890 | 420,824 
Ae, 8 ytd Shais hate tere aaieitats face +o) SMCMRINENROODs 5's 50 sor 2euie7s July 30, 1878 | 206,597 
BS). eget ee eee Reka ty ar ee tad po RAS AS eee Se Jan 18, 1887 | 356,146 
Bee Seat alRyene eit is ORES, eile: ai crakas FEE vn saeranevadeerele tenn’ Jan. 18, 1887 | 356,147 
_ dss. kaa ea eee eas wis) OMRON, oie oft Suataa July 7, 1885 | 321,739 
fee, > sepanitereue eng s Simran alae aching Poa Y \ atdeeatesote Sire June 3, 1890 | 429,281 
(RE CER er aoe Mlieer ree ee: = 3, I890 | 429,282 
SO re ee eee Ber ma. hc oiernatn cs 3, 1890 | 429,283 
SO) w Laaleieltes wampnees maria waitane ta DI eo otc tna watGe craters May 22, 1883,| 278,257 
Te +4, nid sh ateceime ard cae ewe ais «5s ee eee Dec 7, 1897 | 594,901 
pe ee ee es te ao |g Romances as Nov. 12, 1895) 549,741 
Eales waar deter cath: @eshioersir Philpott ..... .......| March 15, 1887 | 359,282 
EAM pe J ravehe Saba area mpele esta acsle rn aaetens IGE: (6s: vesrcsieseie S's April 28, 1885 | 316,656 
Pes 9 CY amas Mreerancleirae tees POOOS oS cenevinwdes Aug. 24, 1880} 231,446 
Pi 4 “algeatatn raphe bateeia eaters axe mranctate IO PTONES So. 6 cisions Aug. I, 1882 262,119 
Be ao Masnmtap tater Datars dca vets aw baahe eR onesies cis Bivcrareaners Oct. 7, 1879 | 220,309 
- Guasain Nate A abianes entsuaws sos “ Sia rine avai d ehatia lepers July 23, 1878 | 206,356 
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NAME OF INVENTOR. 
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Thuemmler .......... 
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Winchell 
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7, 1875 
Jan. 5, 1875 
Nov. 27, 1888 
Nov. 27, 1888 
July 13, 1886 
Nov. 23, 1886 
June 29, 1875 
Dec. 9, 1884 
Feb. 3, 1891 
March 30, 1897 | 
May 3, 1890 
Jan. 2, 1894 
Aug. 18, 1891 | 
Nov. 258, 1876 
May 14, 188g | 
Feb. 18, 1890 
Nov. 21, 1593 | 
Feb. 2, 1886 
March 12, 1895 
April 1, 1879 
June 16, 1885 
Feb. 14, 1893 | 
; sept. 16, 1884 
Oct. 29, 1559 
May 15, 1594 
June 7, 1887 | 
Sept 28, 1880 
Oct 12, ISSO 
Sept 30, 1590 
Aug. 4, 1896 
Jan. 1, 1878 
Feb 23, 1897 
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Dec 4, 1883 
June 3, 1554 
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April 17, 1888 
Aug. 18, 1535 
June 8, 1580 
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Aug I1, 1885 
Dec. 1, 1885 | 
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Aug 11, 1885 
Sept. 1, 1885 
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May ~ 28, 1889 
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COMPRESSED AIR. 


PATENTS GRANTED APRIL, 1898. 


Specially prepared for COMPRESSED AIR from the 
Patent Office files by Grafton I. McGill, 
Washington, D.C. 


602,877—Air Compressor, Henry C. Sergeants 


Westfield, N. J. Assignor to The Ingersoll- 
Sergeant Drill Co., New York. 


This invention relates to the class of compound 
compressors, or those in which air compressed in 
one cylinder is transferred to another where it is 
further compressed. The invention comprises 
two compression cylinders and corresponding pis- 
tons of unequalled calibre arranged in line with 
each other, on one rod. The piston of smaller 
calibre, or the high pressure piston, is affixed to 
the rod, while that of a larger calibre, or low pres- 
sure piston, is provided with passages and contains 
a valve seat. It is so attached to the high pressure 
piston as to permit an independent sliding move- 
ment of the latter within itself. A valve affixed 
to the smaller piston and.rod is adapted to the 
valve-seat in the larger piston for opening and 
closing the passages through the larger piston by 
the movement of the smaller piston. This valve 
serves also to transmit motion from the high-pres- 
sure piston in opposite direction to the piston 
of low pressure. 


602,198—Compressed Air Hammer. Jacob Schmidt, 
Rio Vista, Cal. 


Two cylinders are arranged at right angles to 
one another and connected by a valve controlled 
passage. One cylinder is vertically arranged and 
provided with a piston having a hammer on its 
end, ‘The second, laterally extended cylinder is 
provided with a plunger and connected with 
mechanism whereby air is compressed in said 
second cylinder. The valve controlling the pass- 
age between the two cylinders is operated by con- 
nection with a crank or eccentric upon the main 
operating shaft. The valve is closed until the 
air in the compressing cylinder has reached any 
desired tension. ‘Thus the air in the first cylinder 
propels the piston of the second. Valves and con- 
nections regulate or vary the force of the blow of 
the hammer, 

602,473 — Valve tor Air Frank 
Richards, New York, N. Y. 


Compressor, 


The outer casing of the valve is designed to fit 
in the base of the air compressor, the latter being 
perforated and recessed A flange on the bottom 
of said casing is adapted to enter the recess, while 
the inner, removable shell of the valve, also having 
a flange, is arranged to force the flange on the 
casing against its seat in the recess and to form a 
joint with the base of the compressor. 


Hydraulic Air Compressor Pump. E, H. 
Weatherhead, Cleveland, Ohio. 


603,242 


An air compressing chamber having a piston 
therein, is mounted upon a_ base, the latter being 
provided with inlet and outlet ports, A combined 
inlet and outlet valve is so arranged as to open 
one of said ports simultaneously with closing the 
other. A rod is connected with the piston and 
valve to actuate the latter, while spring actuated 
mechanism is located in the base and engages the 
rod to facilitate the action of the valve at the ends 
of the strokes of the rod, 


450 


602,247 Hydraulic Air Compressor. W. F. Stark 
New York. Assignor to Standard Pump ‘ 
and Filter Co., New Jersey. 

A compression chamber is provided at its lower 
portion witha water inlet port and a water outlet 
port opening downward, while a submergeable 
cup-float is arranged between said ports and 
adapted to close the water outlet port when buoyed 
up by the water, and to seat itself directly on and 
close the water inlet port when it sinks by grav- 
ity. This cup-float is of snfficient weight when 
submerged to prevent the influx of water and is 
guided in its up-and-down movements by a stem 
on which it acts. 

Air Brake. J. J. Nef, New York, 

A pump and pump-operating mechanism are 
employed in conjunction with a compound air cyl- 
inder comprising two cylinders of different diam- 
eters. A piston is located within the compound 
cylinder and is provided with heads of different 
diameters which correspond with bores in the 
compound cylinder, A valve chamber is arranged 
in open communication with the smaller cylinder 
and has a port communicating with the larger 
cylinder and an exhaust port. The valve in said 
chamber is operated to alternately open and close 
the larger cvlinder to the valve chamber and ex- 
haust by variations in air pressure. 


602,094 





602,170—Air Valve. E. A Rix, San Francisco, Cal. 

An air-inlet valve consists of a main shell or 
casing having an annular valve shell sliding there- 
in. The outer end of the valve shell is provided 
with a stop collar, while a stop ring for said collar 
fits into a recess in the outer end of the main shell 
and is held by the valve stem support. The other 
end of this valve shell has an integrally formed 
valve disc with integral radial wings, passages 
extending through the valve shell between the 
said wings and just above the valve disc. 


601,822—Hot Air Furnace. J. T. Warren, Buffalo, 
NY. 

The fire box and smcke pipe are arranged with- 
in the hot air chamber and communicate with a 
series of drums also located in the hot air cham- 
ber. A series of diaphrams of less diameter than 
the drums are centrally arranged within the 
latter, whereby the heat generated in the fire box 
has passing contact with the entire radiating sur- 
face of the drums. Openings in the diaphrams 
and dampers operating therewith, produce a di- 
rect draft from the fire box to the smoke pipe. 

The Clayton Air Compressor Works, 
Havemeyer Building, New York, for the 
past three months report a large number of 
air compressors sold for compressed air 
operations. 

Among the orders of especial interest may 
mentioned the plant installed at the Navy be 
Yard, Brooklyn, New York, for supplying 
pneumatic drills, paint machines and Ham- 
mers, and one furnished to the Yarrow Ship 
Yard, London, for operating pneumatic 
tools. Another installation of interest is 
the compressor at the Dunn Building, New 
York, which supplies compressed air dust- 
ing nozzles for cleaning the iron grill work 
of the elevator shafts. Among the orders 
now on hand, is a large compressor for the 
Bath Iron Works, Bath, Me., to operate 
pneumatic tools. 
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Compressed 


Tools and 








Appliances 





Caulking and Chipping 
au, n... 


THREE PARTS. 


A CYLINDER, 
A HAMMER 4% 
A BUTT PIECE. 


ONLY THE HAMMER 
MOVES. 





NO VALVES, SPRINGS OR OTHER SMALL PARTS. 


CANNOT GET OUT OF ORDER, 


Send for Catalogue and Prices. Guaranteed for Two Years. 


The Clement Pneumatic Tool Co.. 


{25 & 127 SOUTH ith STREET, 
PHILADELPHIA, PA, 
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COMPRESSED AIR. 9 
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Established 1831. Annual Capacity 1,000, = 


BALDWIN LOCOMOTIVE WORKS. 


Sirgle Expansion and Compound Compressed Air Locomotives, 
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Adapted to every vatiety 
of service, and built ac- 
curately to gauges and 
templates after standard 
designs. 
Like parts of different 
enginesof same class per- 
= a os ~* fectly interchangeable. } 
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BURNHAM, WILLIAMS & CO., 
: PHILADELPHIA, PA., U. S. A. 
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oo 
THE BRYCE 


Preumatic Paint Machine, 


Is now being used in Painting 450,000 square feet of 
the Arbuckle Sugar Refinery, Brooklyn, N. Y. 
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ADDRESS: 


JOHN A. CHATER, 
132 NASSAU STREET, - - NEW YORK. 
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COMPRESSED AIR. 
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THE DAVIS & ROESCH, 


THERMOSTAT. 


Temperature Controlling 


= Ya 7 = w. 


Do you desire an even temperature in your house and office? 


Do you consider an even temperature conducive to health and 
comfort ? 


Do you find an even temperature difficult to maintain ? 
Do you think your fuel bills are too high? 
Do you consider economy of health and wealth wise? 


We assume there can be but one intelligent answer to these 
queries, and would suggest an investigation of our system as 
a means of attaining these most desirable ends. 





Hot Water Regulator. 


Attach it to your hot water tank and it | i 
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hot water, and by preventing over-heating | s = z 





willsave you fuel and your engineer trouble. 





It assures a regular and even supply of | 


avoids all possibility of the straining of water = 
pipes or faucets, and the cracking of basins 


or tubs. 
THE DAVIS & ROESCH 


TEMPERATURE CONTROLLING CO. 


TREASURER’S OFFICE. FACTORY. 


Havemeyer Bldg , 26 Cortlandt St,, New York. Bridgeport, Conn, 








COMPRESSED AIR, Ir 
pina CENTS 


eae 
Lubrication $ TECHNICAL RQ CENTS 


$2 in advance and the balance at the rate of 
$2 a month, pays for a thorough course of 
e 6 instruction in 


PUM). MECHANICS 


Mechanical Drawing ; Steam Engineering ; 


Used for lubricating Electrical and Civil Engineering ; Refriger- 
. i ation; Chemistry; Mining; Architectural 
Air and Steam Cylin- Drawing; Surveying and Mapping; Sani- 


tary Plumbing; Architecture ; Sheet Metal 
Pattern Drafting ; Prospecting ; Bookkeep- 
ings of Shafts on large ing ; Shorthand; English Branches. 


ders, and Main Bear- 


Hoisting Engines, pre- All who study 


vents them from gett- GUARANTEED SUCCESS. 


ing hot. When engine 
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ie stops, cup stops feed- We have helped thousands to 
t ‘ a better positions. 
, ing. 
Circular Free; State subject you 
NcCanna Bros wish to study. 
57 Wells St., The International Correspondence Schools, 
Chicago, Hl. BOX 1132. SCRANTON, PA. 





ial Vuevuud vv ava eu vendvvudduvuduvuduveddvvuddvuddvudddudddudtvduvedevdavvuduveduvenvvddvveveddvvnys 


Wivvadddddvdddvdl 


M 





Safe from fire, handier, more reliable and more economical in installation 
and operation than other systems; adopted by representative anthracite and 
bituminous collieries after exhaustive examination. On dona fide request of 
mine owner or superintendents, or other prospective buyer, we will mail free our 
8th Edition, 216 page catalogue, of steam, electric and pneumatic locomotives. 
To accommodate correspondents not in the market for locomotives, a copy will 
be mailed on receipt of 50 cents in stamps. 

Address mentioning ‘‘CoMPRESSED AIR.”’ 


H. K. PORTER & CO. 540 Wood St. Pittsburgh, Pa. 
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Compressed Air Mine Haulage. : 
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NEW YORK OFFICE: 


122 LIBERTY STREET, Rooms, 1005-100, NEW YORK. | 


MANUFACTURERS OF 


PNEUMATIC HAMMERS 
PISTON AIR DRILLS 
PNEUMATIC RIVETERS 
CASTING CLEANERS 
AIR HOISTS 








All Machines guaranteed against repairs for one year. 





Sent on {0 days trial subject to approval. 





OVER 2,000 IN USE IN THE UNITED STATES. 
OVER 800 IN EUROPE. * » * 


REFERENCES FURNISHED UPON REQUEST. 


TRIAL ORDERS SOLICITED. 


Chicago Pneumatic Tool Go., 


685 MONADNOCK BLOCK - CHICAGO, ILL. 
(AAARAARARAARAARAARAARAAAAAR, 





COMPRESSED AIR. 


13 
oUSTON’S PNEUmaTic Track SANDER. 7] 
~~ SIPHONS # EJECTS SAND FROM BOX JO RAIL. 
APPLIES SAND TO BOTH_FRONT-* BACK DRIVERS Rie ONE BOX, 
NO DELAY TO ENG|NE FOR JT GAN BE APPLIED JN S|X OURS 
DELJVERY P\PERS ONLY ONE-HALF JNG@H > 
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4 NO POWER 10ST IN PUUNG TRAIN OVER SUPERFIUOUS SAND. 
~“@G==-WESTERN Ralkway EQUIPMENT Go, 

F ST. bovis Mo. Senp For Cimcusans 

ANNRNAARRARARY 





oe ’ ® 
¥ THE Compressed Air. 
, Practical information upon Air-Compression 
. and the Transmission and Application 
of Compressed Air. 
By FRANK RICHARDS, 12mo, cloth, $1.50 


John Wiley & Sons, New York. 
AN INDUSTRIAL REVIEW §$ READ “ELECTRICITY,” 
The Engineering Magazine has been aptly described as 


The Only Independent Electrical Journal 
\ pug Century of the industrial world and the oe 4 PUBLISHED IN THE UNITED STATES. 
» Reviews to eugimeciing literature —the two in one.”” Its s 
leading articles treat the subjects uppermost in importance All the Electrical and Financial News. 
» in industrial affairs. Its contributors include the foremost Latest Technical Articles by 
; men of oyr.times. It gives each month an. exhaustive Home and Foreign Writers. 


s Review and Index to the woild-wide range of technical 
fieerature — American, English, French, and Gorm. ie 4% THE BEST ADVERTISING MEDIUMS. 
is read in every nook and corner of the civilized world. It > =e Pm talien . asgtheanl 
s is founded upon the idea of meeting the requirements of the Published Weekly. Subscription $2.50 per year. 
Address: ELECTRICITY NEWSAAPER CO., 
136 Liberty St., New York. 





, busy and brainy men who manage, think, and plan for the 
M engineering. architectural, clectncal, rvilroad, mining, and 
% mechanic! industries. It has a larger bona-fide circu- 
§ lation among such men than has ever been attained by an 
§ engineering journal in all the history of industrial literature. 
%, It is priceless to the active man who needs to keep in touch 
5 with current developments. Its every page carries a hving 
interest for intelligent readers who are in any way con- 
cerned with modern industrial enterprises. Its subscnbers 
§ are its warmest advocates and the Magazine itself is its 
best solicitor. Sample copy free 


30 Cents a Number; $3.00 a Year. 
THE ENGINEERING MAGAZINE, 
320-122 Liberty St., New-York, U.S. A. 
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Patents, Trade Marks, Designs. 


Searches as to Novelty; Reports on Infringe- 
ments; Patent Matters Exclusively; 15 years 
Experience. Refers to Publishers this Maga- 
zine. FRANKLAND JANNUS, 
Attorney.at-Law, Havemeyer Building, 26 
Cortlandt St., NewYork City.— Office in Wash- 
ington, Atlantic Building. 
Always have Title Examined before Investing 
in Patent Property. 
Lee Ooo 
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Do You Roast-Your Ores? 
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» LOU CAN SAVE... 


FUEL COST OF REPAIRS AND LABOR, 


BY USING 


The Ropp Straight Line Furnace, 


PARKE & LACY CO.,, 


2! & 23 Fremont ‘Street, San Francisco, Cal. 














SOLE LICENSEES. CATALOGUE UPON APPLICATION. 


THE “NASON” AIR-HOIST 


. CYLINDERS. 


For use in conjunction with Compressed Air. 





Made in sizes of from 2 in. to 8 in. inside diameter, with lift of hoist 
from two to ten feet. 


CONTRACTORS FOR 


The Installation of Pneumatic Hoisting Apparatus. 
. »- SAFE, SIMPLE AND RELIABLE ... 


Correspondence Solicited. 


NASON MANUFACTURING CO., 


71 BEEKMAN STREET, NEW YORK. 
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= PULSOMETER 9" 
: “The Contractor’s Friend.” 


OFTEN IMITATED—NEVER EQUALED. 
OVER 20,000 IN USE. 





Recent Important Improvements. 





The Handiest, Simplest and Most Efficient Steam Pump for 
General Low Service Mining, Quarrying, Railroad, Irrigating, 
Drainage, Coal-washing, Tank-filling, Paper Mill, Sewer and Bridge 
Contractors’ Purposes, etc., etc. 


Muddy or gritty liquids handled without injury to the Pump. 





PULSOMETER STEAM Pump Co. 


Catalogue on Application. Correspondence Solicited. 


135 GREENWICH STREET, NEW YORK. 
"ane eae or ena eens: 
, LAMBERT HOISTING ENGINE CO., 


Successors to 
Ww. A. CROOK & BRO.’S, 
Manufacturers of 


Hoisting Engines 


F0 PILE DRIVING, RATLROADS, BRIDGES 
BUILDING, MINES, QUARRIES, COAL 
HOISTING AND BUILDING PURPOSES. 










IMPROVED 


BUILT ON THE DUPLICATE PART SYSTEM. 





OVER 350 SIZES AND STYLES 


Log Hauling by Steam and Sus- 
pension Cableways. 
BOSTON OFFICE: 

117 Main St., Cambridgeport. 
MAIN OFFICE AND FACTORY : 
117-123 Poinier St. Newark,N.J. 
SALESROOM : 

143 Liberty Street, New York. 
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— ON ADMIRALTY AND WAR OFFICE LISTS.— 


MANNESMANN TUBE C3 L2 


Lanpore R.S.0. SouTH WALES. 


LARGEST MANUFACTURERS OF WELDLESS \ STEEL TUBES. 
SPECIALLY ADAPTED FOR HIGH PRESSURES.  STEAM,GAS AND|S 


























HOLLOW PROPELLER SHAFTING 





SAILOWOS 
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MADE FROM OUR 
WELDLESS TUBES - 


D. B. McILWAINE, 


SOLE AGENT FOR AMERICA, 


NEW YORK OFFICE: 


122 Chambers Street, New York. 
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COMPRESSED AIR. 


CAMERON STEAM PUMPs. 


Simple, 
Compact, 
Durable, 
Efficient. 


NO OUTSIDE VALVE GEAR. 














ADAPTED TO EVERY POSSIBLE DUTY. 





MANUFACTURED BY 


THE A.S. CAMERON STEAM PUMP WORKS, 


Foot East 23d Street, New York. 
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PERFECT 
IN 
DESIGN. 


~ Water Tube Boilers, 
ss UNSURPASSED IN ECONOMY. 


Always give entire satis- 
faction. mbines every 
desirable feature in boiler 
construction and design. 

Safe, Efficient, Dur- 
able, Free from Scale 
on. heating surface. Has 
positive and continuous 
circulation. Need no feed 
water heaters or steam sepa- 
rators. 

Delivers all steam above 
the water line. 
es Tie Water Line is 
SS Steadier than can be found 

: : in any other WaterTube 
Boiler. 


Manufactured by 
HOGAN BOILER 
COMPANY 


Middletown, 
N. Y 
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yto those using compressed air in their works, it will 
probably be a matter of interest. to know, that we 
are now selling for ($50) Fifty Dollars Net a Complete 
Whitewashing and Painting Machine, for using one 
nozzle, of the same capacity, as those used in spraying 
*“*Red Lead Paint’’ on the Iron work of the New U. S. 
Appraiser’s Stores in this City. Asan item of informa- 
tion we will say, the entire expense for doing this work 
was less than would have been the cost of Brushes to do 
this same work! and the work is better done than could 
have been done by hand—for further information write 


to 
TURNER MACHINE CO., 
35 W. 14th Street, New York. 
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THE CONSOLIDATED PNEUMATIC TOOL COMPANY, 


Manufacturers of 


The “KELLER,” “CONSOLIDATED” and “WOLSTENCROFT™ : 
Types of PNEUMATIC TOOLS, 
FOR CUTTING, CARVING AND LETTERING 
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.» Granite, Marble and Stone.. 





= We have the STRONGEST and MOST RAPID CUT TING—in fact—the 
| BEST PNEUMATIC TOOL in the market. 


We make ALL PATTERNS and SIZES of above TOOLS. 

ALL TOOLS GUARANTEED FOR ONE YEAR, 

Tools sent out on TEN DAYS TRIAL subject to acceptance or return at 
the expiration of that period. 

PRICES for TOOLS and ESTIMATES upon COMPLETE PLANTS 
promptly mailed upon application. 

PLANTS INSTALLED by thoroughly experienced and competent workmen. 

YOUR CORRESPONDENCE SOLICITED. 


The Consolidated Pneumatic Tool Company. 
OFFICES, No. 1404 BOWLING GREEN BUILDING, NEW YORK, 
77 HUNTINGTON AVENUE, BOSTON. 
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VARIED SIZES 
AND TYPES 


CLASS E, e506 SE ee 















CLASS J. 


AIR COMPRESSORS 


The types shown here are used in Shops and Mines, or Quarries. 

Catalogues show a great variety of Machines for Compressing Air. 

Recent orders from Penn. R. R., Cambria Iron Co., Newport News 
Shipbuilding Co., Etc., Etc. 


THE 
INGERSOLL- 


SERGEANT 
DRILL CO., 


Havemeyer Building, 





New York. 





CLASS F. 





























CLASS A. 





Pat 
i 
4 


COMPRESSED AIR is used for Operating Rock Drills, Coal Cutters, Pumps, Hoisting Engines and other 
machinery in mines and tunnels, Air Brakes on Railroad and Street Curs, Switcnes and Signals, Engines, Hoists, 
Cranes, Stone Carving and Boiler Calking Tools, Polishing Machines, Riveters, Punches, Hammers, Tapping, Screw- 
ing and Drilling Machines, Stay-bolt Cutters, Angle Iron Shears, Wood Bundling Machines and Shop Tools of every 
description, Oil Fires under Ovens, Furnaces and Boilers and in fifty other applications such as Welding, Annealing, 
Tempering, Oil Dluminating Lights, Pneumatic Transmission Tubes, Street Railway Motors and Mine Locomotives, ~ 
Passenger and Freight Elevators, Sheep Shearing Machines and Cloth Cutters, Sand Blast Machines, Pneumatic 
Gun Carriages, Clocks, Railway Crossing Gates, Automatic Signals, Jacking-up Cars and Steering Gear of Vessels. 

Charging Pneumatic Dynamite Guns and Projectiles, Automatic Sprinkler systems for fire protection, inflating 
Pneumatic Tires and compressing Cotton into Bales. 

Tunnel Driving by the Pneumatic Process ; Sinking Caissons for Structural Foundations: Pumping Wells by 
Air Lift Pump method: Conveying and Elevating Acids, Chemicals and other Liquids ; Racking off Beer in 
Breweries ; Aerating Water Supplies of Cities, Towns and Villages; Agitating Pluids, such as Asphalt, Lard, 
Molasses and Chemical Solutions ; Mixing Nitro-glycerine ; Removing Hose from Mandrels in rubber factories ; 
Testing Tinware, Pipe, Hose, and other manufactured products required to stand pressure ; Increasing and Main- 
taining pressure on Hydraulic Elevators ; Sprays of all descriptions, including Physicians’, Hospitals’, Sanita- 
riums’ and Baths ; Spraying Solution in the manufacture of silk ribbon; Moving and Elevating Grain, Culm and 
other material ; Cleaning Carpets, Car Cushions, etc.; Unloading Dump Cars; Raising Sunken Vesséls; Supply- 
ing Divers in Sub-marine Operations; Refrigerating, Ventilating and Cold Storage; Manufacture of various 
Gases; Disposition of Sewage ; and for a large number of other duties in Railroad Shops, Chemical Works and in 
connection with a wide variety of Experiments and Patented Processes. 

We can furnish special types of Air Compressors for every purpose to which compressed air is applied. In 
writing for proposal, state duty, volume (cubic feet of free air required per minute), and working air pressure 
desired. Also, state whether a steam, belt or gear actuated compressorispreferred. If to operate by steam direct, 
state steam pressure available at compressor. If belt or geared, state horse power available for operating 


“ee CLAYTON AIR COMPRESSOR WORES, 
Havemeyer Bulliding. 26 Cortiandt Street, New York. 
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